INTRODUCTION
The Bunyaviridae is comprised of four recently recognized genera of viruses, Bunyavirus, Nairovirus, Phlebovirus and Uukuvirus Casals & Tignor, 1981) . The recognized virus serogroups comprising the Bunyavirus genus include the Anopheles A, Bunyamwera, Bwamba, Group C, California, Capita, Gamboa, Guama, Koongol, Olifantsvlei, Patois, Simbu and Tete groups. In addition, there are three bunyaviruses not assigned to these serogroups (Jurona, Kaeng Khoi and Minatitlan viruses) Bishop & Shope, 1979) . Recent molecular and serological studies have indicated that the Anopheles B and Turlock serogroup viruses (previously unassigned, but considered bunyavirus-like viruses; Porterfield et al., 1973 Porterfield et al., /1974 Porterfield et al., , 1975 Porterfield et al., /1976 should also be categorized as members of the Bunyavirus genus (Klimas et al., 1981) .
There are single virus serogroups in the Phlebovirus (Phlebotomus fever serogroup) and Uukuvirus (Uukuniemi serogroup) genera (Bishop et al., 1981a) . The Nairovirus genus is comprised of the virus serogroups CCHF, NSD, QYB, DGK and HUG (Casals & Tignor, 430, Argas persicas, Dahla Oasis, Egypt (1970) , eighth SMBP; AVA, Can Ar 173, Ixodes (Ceratixodes) uriae, Great Island, Newfoundland (1972) , ninth SMBP; BDA, IPD/A 611, Mastomys sp., Bandia forest, Thies region, Senegal (1965) , sixth SMBP; CON, Ib Ar 10200, Hyalomma excavatum, Sokoto, Nigeria (1966) , seventh SMBP; DGK, PAK JD 254, Hyalomma dromedarii larvae, Dera Ghazi Khan district, Pakistan (1966) , fourteenth SMBP; DUG, Ib Ar 1792, Amblyomma variegatum, Ibadan, Nigeria (1964) , eleventh SMBP; HUG, Dry Tortugas, Ornithodoros capensis, Dry Tortugas Island, Florida (1962) , seventeenth SMBP; QYB, Eg Art 370, Ornithodoros erraticus, Qalyub, Egypt (1952) , second SMBP; Omo (OMO), Mastomys species, Shangura, Ethiopia (1971) , second SMBP.
In some experiments Punta Toro (PT) phlebovirus (Robeson et al., 1979) , snowshoe hare (SSH) and La Crosse (LAC) bunyaviruses (Gentsch et al., 1977; Obijeski et al., 1976) and their respective antisera were used. The uukuvirus, Grand Arbaud (GA) virus, Argas reflexus, Grand Arbaud, France (1966) , (Hannoun et al., 1970) , third SMBP, GA antiserum and Dhori virus (DHO) antiserum, were also made available from the YARU collection.
Working stocks of virus were prepared in BHK-21, or Vero, or CER cells by infecting confluent cell monolayers with aliquots of a 10 % suspension of infected mouse brain and growing the virus at 35 °C in MEM or DMEM containing 5% NCS. HAZ virus was plaque-purified twice in CER cells before growing a working stock. Cell supernatant fluids were harvested at 48 h (CER infections) or 72 h (BHK-21 and Vero cell infections) post-infection. The supernatant fluids were adjusted to 15% foetal calf serum, clarified and frozen at -70 °C.
Plaque assays. Plaque assays of viruses either used the overlay described by McCown et al. (1979) , or an overlay of DMEM supplemented with 2% foetal bovine serum, 100 gg/ml DEAE-dextran. For CER cells the McCown overlay was solidified with 1% Seaplaque agarose (Marine Colloids, Rockland, Maine, U.S.A., for BHK-21 cells the MEM overlay was solidified with 0.6% Seakem agarose (Marine Colloids) and for the Vero cells 0.6% Bacto-Agar (Difco) was used. Plaque assay dishes were incubated at 33 °C, or 35 °C, for up to 12 days before staining with 0.02% neutral red.
Virus growth and purification. Confluent cell monolayers in 9 cm Petri dishes were inoculated with undiluted working stock virus, incubated at 33 °C for 30 to 60 min and 5 ml overlay medium added (BHK-21 cells: MEM supplemented with 2% foetal bovine serum; CER and Vero cells: DMEM supplemented with 2 to 5% NCS). Occasionally, the media were supplemented with 200 gCi/ml sodium [32p]orthophosphate (carrier-free, ICN, Irvine, Calif.,U.S.A.), or 10 flCi/ml [aSS]methionine (600 to 1100 Ci/mmol, Amersham Corp., II1., U.S.A.), or 10/tCi/ml [3H]leucine (50 to 60 Ci/mmol, New England Nuclear), or 10 pCi/ml [3H]mannose (14.5 Ci/mmol, New England Nuclear), or 10 #Ci/ml [3H]glucosamine (38 Ci/mmol, Amersham Corp.). Infected cells were incubated at 33 °C for 2 to 3 days before harvesting the supernatant fluids. Virus in clarified supernatant fluids was concentrated by centrifuging (2-5 h at 24000 rev/min in an SW27 rotor) through a 30% glycerol cushion prepared in TE buffer (20 mM-tris-HC1, 2 mM-EDTA pH 7.4). As necessary, virus was subsequently purified by gradient centrifugation .
Virus nucleocapsidpurification. Pelleted virus preparations were resuspended in TE buffer containing 1% Triton N101 (Sigma), mixed with solid CsC1 (1.9 g/5 ml final vol.) and centrifuged at 20 °C for 16 to 20 h at 42000 rev/min in an SW50.1 rotor. Alternatively, virus-infected cells were lysed in the same buffer-Triton mixture, the cytoplasmic extract recovered by low-speed centrifugation, mixed with CsC1 and nucleocapsids purified by the same procedure. Viral nucleocapsids were harvested, diluted with TE buffer containing 0.1 M-NaCI and recovered by pelleting.
Polypeptide analyses. Gradient-purified viruses were recovered by centrifugation, lysed in dissociation buffer (Laemmli, 1970) and resolved by electrophoresis on a linear 10% polyacrylamide slab gel containing 0.27% bis-acrylamide (Laemmli, 1970 (Bonner & Laskey, 1974) . Virus present in cell supernatant fluids that were either at too low a titre (< l0 s p.f.u./ml) or were too labile to withstand the gradient purification scheme , were pelleted from clarified cell supernatant fluids, dissolved in lysis buffer (1% Triton X-100, 1% sodium deoxycholate, 0.15 M-NaCI, 2 mM-EDTA, 20 mM-tris-HC1 pH 7.4) and the viral antigens immune-precipitated with homologous viral mouse antiserum as described previously . Viral RNA analyses. The procedures used for extraction of viral RNA from pelleted virus, the resolution of RNA species by electrophoresis in gels of polyacrylamide (Roy & Bishop, 1972) or agarose (Wieslander, 1979) , and identification and recovery of the viral RNA species from agarose gels, have been described previously. The gels were fractionated with a Mickle gel slicer (Brinkmann, Gomshall, Surrey, U.K.). Before counting, gel slices were incubated overnight in a 10% Protosol (New England Nuclear) -containing scintillation fluor. Individual viral RNA species, or unfractionated RNA, were fingerprinted after digestion with ribonuclease T1 as described by Clewley et al. (1977) .
Electron microscopy. Negatively stained virus preparations were processed as described by von Bonsdorff & Pettersson (1975) ; on occasion, pelleted virus preparations or infected cells were embedded and sectioned. Samples were examined in a Philips EM 301 electron microscope. BDA, CON, DUG, HAZ and QYB viruses By plaque assays, representative nairovirus titres per g of suckling mouse brain extract were found to be of the order of: 4 x 108 (AM), 3 x 108 (BDA), 2.5 x 108 (CON), 1.5 x 109 (DUG), 1.2 x 107 (HAZ), 2 x 104 (HUG) and 2.7 x 107 (QYB). So far, no plaque assay has been developed for DGK virus. The nairoviruses AM, BDA, HUG, and QYB viruses could be assayed using Vero or CER cells plus the McCown et aL (1979) overlay. However, BDA virus (but not QYB, AM, HUG, DUG or HAZ viruses) could also be assayed using BHK-21 cells and MEM supplemented with 2% foetal calf serum. The viruses DUG, HAZ and CON gave plaques on CER (but not on Vero) cells using the McCown et al. (1979) overlay. Vero cells were permissive for plaque development of QYB virus (but not BDA, HAZ or DUG viruses) using DMEM, DEAE-dextran and Bacto-Agar. Plaques were visualized 5 to 12 days post-infection.
RESULTS

Growth curves of
The ability of five nairoviruses to grow in vitro in ceils of primate (Vero) and/or hamster (BHK-21, CER) origins has been investigated as shown in Fig. 1 . Maximum virus titres were obtained between 2 and 4 days post-infection, depending on the virus and cell system employed. For CON and HAZ viruses (and possibly also DUG virus) the virus titres in CER supernatant fluids fell precipitously after 2 days post-infection. The reason for this decrease in titre is not known. Growth curves for AM, DGK, AVA and HUG viruses have not been obtained.
Electron microscopic analyses of nairoviruses
Pelleted preparations of representative nairoviruses were examined in the electron microscope, with the results obtained for HAZ, DUG, QYB, BDA and HUG viruses shown in Fig. 2 . As discussed previously were not observed on the serologically related BDA virus (or other nairoviruses we have analysed), nor were they associated with QYB, BDA, HAZ or DUG virus particles seen in thin sections of infected cells (Fig. 3) . The possibility that the QYB structures, which are regularly obtained no matter what cell substrate is used, represent extrusions of the viral envelope during preparation for electron microscopy is currently under investigation.
Analyses of the viral RNA species of AM, A VA, BDA, DUG, HAZ, HUG and Q YB viruses
Preparations of seven nairoviruses labelled with [3H]uridine or P2P]phosphate, were analysed by polyacrylamide or agarose gel electrophoresis. The results obtained for four of these viruses (BDA, DUG, HAZ and QYB) and the bunyavirus SSH are shown in Fig. 4 and the data obtained for all seven (run under one or other electrophoretic condition) are summarized in Table 1 . Each virus was found to have three viral RNA species, designated large (L), medium (M) and small (S). The average apparent mol. wt. values of the L, M and S RNA species were calculated to be 4.5 x 106 (L), 1.7 x 106 (M) and 0.6 x 106 (S).
Oligonucleotide fingerprints of the individual L, M and S RNA species of BDA virus, purified as nucleocapsids from infected cells, were found to be comparable to the pattern Wieslander (1979) , or in 2.4% polyacrylamide gels (c) as described by Roy & Bishop (1972) . ( (Gentsch et al., 1977) and eukaryotic ribosomal RNA species as standards in both gel systems. QYB M RNA migrates more slowly in agarose gels than in polyacrylamide gels when compared to SSH M RNA.
obtained for the total BDA viral RNA recovered from virus preparations. The individual BDA RNA patterns have distinct oligonucleotide fingerprints, indicating that they each contain unique genetic information (Fig. 5) . resolved by two-dimensional polyacrylamide gel electrophoresis (Clewley et al., 1977) .
the data summarized in Table 2 . For each virus preparation three major polypeptides were identified. Although similar data have not been developed for AM and HAZ viruses, it was concluded from the preferential incorporation of [3H]glucosamine (e.g. D U G virus, Fig. 6 c; QYB virus, ; BDA virus, data not shown), and their susceptibility to removal by protease (QYB virus, , that two of the viral polypeptides (G1, G2) are glycoproteins that form the surface spikes on virus particles.
Analyses of pelleted virus by immune precipitation
For several nairoviruses (CON, DGK, AVA, HUG), we were unsuccessful in obtaining sufficient quantities of purified virus for polypeptide analyses using sucrose or glycerol 
. Electrophoresis of nairovirus polypeptides in 10% SDS-polyacrylamide slab gels.
[aH]leucine (leu)-or [3H]glucosamine (glue)-labelled polypeptides from purified virus 0anes a to 0 were electrophoresed as described in Methods and visualized by fluorography (Bonner & Laskey, 1974) . Lanes (a) and (b) were adjacent lanes from one gel, lanes (c) to (f) came from a second gel, lanes (g) and (h) from a third, and lane (i) from a fourth gel. To obtain the immune precipitates of pelleted extracellular material (lanes j to m), homologous virus antisera were used for the AM virus (aAM), HUG virus (aHUG), HAZ virus (aHAZ), and BDA virus (aBDA) extracts. The AM sample was run in the same gel as lane (/). The other three samples were run on a separate gel. Table 3 . Attempts to characterize A V A viral polypeptides by this method were not successful. As exemplified by the results shown for A M and B D A viruses, not all the viral polypeptides that were identified in preparations of purified virus, were precipitated by the immune precipitation procedure. Presumably, this reflects the absence of the respective antibodies in the antisera used. Table 2 ) for labelled polypeptides immune-precipitated from extracellular pelleted material by homologous virus antisera (see also Fig. 6 ). 
. M. C L E R X , J. C A S A L S A N D D. H. L. B I S H O P
Mol. wt. (× 10 -3) estimations of the major nairovirus-induced polypeptides identified in immune precipitates of pelleted extracellular material*
(a) (b) (c) (d) (e) ( f ) (g) (h) (i) (j) (k) (I)(m)
. Electrophoresis of immune precipitates of nairovirus-infected cells. [3H]leucine (leu)-, [35S]methionine (meth)-or [3H]mannose (mann)-labelled virus-infected cell extracts, or mock-infected
cell extracts, were incubated with homologous viral mouse antisera or ascitic fluids, and the immune complexes recovered as described previously for QYB virus . Lanes (a) to (c) came from one gel, lanes (d) to (f) and lane (j) each came from separate gels, and lanes (g to i) came from a single gel, as did lanes (k) to (m). As indicated in the text, a [3H]leucine-labelled QYB virus preparation was run alongside the ~YB virus-infected cell extracts.
Analyses of the virus-induced intracellular polypeptides by immune precipitation
As we were not able to identify the viral polypeptides of A V A virus by purification of the virus or by i m m u n e precipitation of extracellular material, an alternative approach, involving i m m u n e precipitation of virus-induced material from infected cells, was used. Table 2 ) for the major labelled polypeptides immune-precipitated by homologous antisera from infected cell extracts (see also Fig. 7) . The 115 x 103 and 78 × 103 to 84 x 103 mol. wt. polypeptides are intracellular virus-specified glycopolypeptides as shown by [3H]mannose incorporation studies.
As demonstrated previously and shown in Fig. 7(g to /) , QYB virus-infected cells contain three large glycosylated polypeptides (115 x For all of the virus-infected cell extracts, no G2 polypeptide was demonstrated, either due to lack of the requisite antibodies in the antisera, or because G2 is formed only at the final stage of assembly into virus particles .
Other than for QYB and HUG virus-infected cells, the glycosylated viral polypeptides were not easily identified in the immune precipitates of infected cells, especially when using extracts from cells which were labelled for prolonged periods of time. However, for each of the viruses, co-electrophoresis (in cylindrical gels) of immune-precipitated [3~S]methionine-labelled cell extracts with immune-precipitated [3H]glucosamine or [3H]mannose-labelled infected cell extracts, demonstrated the presence of a virus-specified glycosylated polypeptide with the same migration as the viral G1 polypeptide (see Tables 2 to 4) , as well as another glycopolypeptide with mol. wt. 5 x 103 to 10 x 103 larger (data not shown, but see Fig. 7 , QYB-or HUG-infected cell extracts). With the exception of AVA virus, for which we do not have similar data, this pattern of intracellular glycosylated polypeptides was consistently observed for all the nairovirus-infected cell extracts analysed. In CON virus-infected cells an additional glycosylated polypeptide (approx. 100 × 103 mol. wt.) was also recognized by CON antiserum (result not shown).
Analyses of the cross-reactive, virus-induced, intracellular antigens by immune precipitation
The categorization of viruses to the individual nairovirus serogroups and assemblage into the Nairovirus genus has been achieved by serological tests involving HI, neutralization, CF and immunofluorescence tests (Casals & Tignor, 1981) . In order to confirm these conclusions, we have used immunoprecipitation to demonstrate serological relationships between representative members of the six Nairovirus serogroups. The results obtained are shown in Fig. 8 and summarized in Table 5 . Not all the possible combinations of antisera and virus-induced antigens have been analysed due to difficulties in obtaining sufficient viral antigens. However, the results clearly confirm the serological relationships between J . P . M .
C nairoviruses representing the six serogroups, and lack of serological relationships with selected members of the Phlebovirus genus (PT), Bunyavirus genus (LAC) and Uukuvirus genus (GA). The placement of DHO virus, tentatively assigned to the Nairovirus genus (Bishop et aL, 1981 a) on the basis of its reported molecular properties (Donets et al., 1978) , has not been confirmed in the immunoprecipitation results we have obtained.
D I S C U S S I O N
The results we have obtained from analyses of 11 viruses representing six serogroups of the newly defined Nairovirus genus (Bunyaviridae) have established that they share certain structural characteristics, some of which are quite distinct from those of members of the other three defined genera of the family (Bunyavirus, Phlebovirus and Uukuvirus). For example, the viral L RNA of nairoviruses has an apparent mol. wt. which is up to 60% larger than the L RNA of bunyaviruses, phleboviruses, or uukuviruses . Although the nairoviral M RNA is similar in size to the M RNA of other members of the family that have been analysed, the nairovirus S RNA has an apparent mol. wt. which is twice that of the bunyaviruses (Ushijima et aL, 1980; Klimas et aL, 1981) . The nairovirus S RNA is, however, comparable in size to the S RNA of phleboviruses and uukuviruses (Pettersson et al., 1977; Robeson et al., 1979) . Oligonucleotide fingerprint analyses of BDA (Fig. 5) and QYB nairoviruses have shown that the L, M and S RNA species of these viruses have unique sequences that are different for the corresponding RNA size class. The coding capabilities of the three nairoviral RNA species are not known.
Recent comparative studies of six serologically distinct bunyaviruses have shown that their L, M and S RNA species have 3' sequences starting with HoUCAUCACAUG .... while the 3' sequences of the L, M and S RNA species of QYB nairovirus start with noAGAGAUUCU... (Bishop et aL, 1981b) . Similar nairovirus 3' sequences have been characterized for AM, AVA, BDA, DUG, HAZ and HUG L, M and S RNA species (C. M. Clerx-van Haaster & J. P. M. Clerx, unpublished results). Studies of Uukuniemi virus indicate that this uukuvirus has L, M and S RNA species starting with the 3' sequence noUGUGUUUCUGGAG... (Parker & Hewlett, 1981) . It is possible that the 3' RNA sequences of viruses belonging to a particular genus of the Bunyaviridae are conserved (e.g. for reasons of enzyme recognition and that such sequences will serve as an additional characteristic to distinguish viruses representing the different genera.
The nairovirus N polypeptide is twice the size of the N polypeptide of bunyaviruses, phleboviruses or uukuviruses (Bishop & Shope, 1979; David-West, 1974; Klimas et al., 1981; Pettersson et al., 1977; Robeson et al., 1979; Ushijima et al., 1980; von Bonsdorff & Pettersson, 1975) . The two viral glycoproteins of nairoviruses are also distinct by size from the glycoproteins of other members of the family (see Bishop & Shope, 1979) . Unlike the published data of the virus-induced intracellular polypeptides of bunyaviruses Pennington et al., 1977) , several nairoviruses (see text) induce detectable amounts of non-structural glycopolypeptides that are larger than the viral G1 and G2 species but which, at least for QYB virus, appear by pulse-chase experiments to be precursors to the viral glycoproteins .
We have confirmed by immunoprecipitation studies that members of the six nairovirus serogroups are serologically related. No cross-reactivity has been demonstrated between antisera raised against LAC (Bunyavirus), GA (Uukuvirus) or PT (Phlebovirus) viruses and the antigens of several nairoviruses (Table 5) . No cross-reactivity to nairovirus antigens has been demonstrated with DHO antiserum, a virus tentatively assigned to the nairoviruses on the basis of its reported molecular properties (Donets et al., 1978) . However, recent molecular analyses we have undertaken indicate that DHO virus has nucleocar~sid and glycopolypeptides, unlike recognized members of the Nairovirus genus.
In summary, the data we have obtained indicate that the nalroviruses are structurally and serologically distinct from members of other genera of the Bunyaviridae, therefore warranting their classification as a separate genus of viruses within the family.
